Abstract. The physical parameters of the atmosphere and its chemical composition for a post-AGB star HD 187885 are determined from high resolution spectra. The effective temperature T eff = 8000 ± 200 K and the surface gravity log g = 1.0 ± 0.3 were derived. The star was found to be metal-deficient with [Fe/H] = -0.51. The α-elements, except of Ca and Ti, and the s-process elements are overabundant. These results partly confirm and supplement the data available in the literature. The spectrum shows many circumstellar lines formed in the multiple expanding shells. Numerous diffuse interstellar bands seen in the spectra may also originate in the same shells.
INTRODUCTION
The star HD 187885 (V5112 Sgr) belongs to a subclass of the post-AGB stars with an unidentified emission feature at 21 µm in their spectra (van Winckel & Reyniers 2000) . The 21 µm emission in four carbon-rich post-AGB stars was first discovered by Kwok et al. (1989) and is now observed in 19 objects in the Galaxy (Gerrigone et al. 2011) . The feature has been observed only in protoplanetary nebulae (PPN), and it is absent in planetary nebulae or in AGB stars. The carrier of the feature is still unidentified. In the spectrum of HD 187885 the 21 µm emission is very weak (Kwok et al. 1999) . The star has a double-peaked SED, and its spectrum is classified as F2/F3 Iab (Houk & Smith-Moore 1988) . The variability of HD 187885 among others was studied by Arkhipova et al. (2010) . They found the low-amplitude oscillations with the periods of 39 and 47 days. The long-term component of the variability may be related to the binarity of the star.
The chemical composition of HD 187885 was first studied by van Winckel et al. (1996) and a few years later by van Winckel & Reyniers (2000) who found it to be carbon-rich and slightly metal-poor. They also found large overabundances of s-process elements. Here we present a new analysis based on new high-resolution spectra.
The eight spectra used for this work were taken from the CFHT archive. These spectra were observed by Dinh van Trung on 2005 August 22. The used spectral region covers the wavelength range 390-960 nm with a resolution of R ≈ 65000. The S/N ratio of individual spectra is close to 150, but decreases to about 50 short-wards from 400 nm. 
ANALYSIS

Atmospheric parameters and model atmospheres
The abundances of elements were derived with the help of the Kurucz program WIDTH5. As the starting basic atmospheric parameters the van Winckel et al. (1996) values were used: T eff = 7700 K, log g = 0.5 and [Fe/H] ≈ -0.4. Therefore the models were taken from the Kurucz metal deficient grids.
1 Forcing the excitation and ionization equilibria for the Fe I and Fe II lines, we found the effective temperature T eff = 8000 ± 200 K and log g = 1.0 ± 0.3. The microturbulent velocity from the Fe II lines is ξ t = 6.0 ± 0.5 km s −1 (Figure 1 ). With this ξ t the iron abundance would be log ε(Fe) = 6.89 ± 0.19. The microturbulent velocity which fits best the Fe I lines is much lower, ξ t = 2.5 ± 0.5 km s −1 with the iron abundance log ε(Fe) = 7.02 ± 0.16. If the same microturbulent velocity as for Fe II were also used for Fe I, the iron abundance from Fe I lines becomes log ε(Fe) = 6.96 ± 0.18. Within the errors the iron abundances from Fe I and Fe II lines coincide for both values of the microturbulent velocity. This justifies the choice of log g = 1.0. The mean iron abundance is then log ε(Fe) = 6.94 ± 0.18 and [Fe/H] = -0.51.
Abundances
The same value of the microturbulent velocity, ξ t = 6.0 km s −1 , based on Fe II lines, was used in determining abundances of other elements. In some cases, however, we found a clear indication for different values of microturbulent velocity. So, the N I lines fit much better with ξ t = 8.5 km s −1 (see Table 2 ). Heavy elements with the sufficient number of lines indicate a lower value of ξ t . For example, the Y II lines fit well with ξ t = 5.0 km s −1 and Ba II -even with ξ t = 4.3 km s −1 . Such behavior of microturbulent velocity has been noticed also by van Winckel & Reyniers (2000) .
In the spectrum of HD 187885, several He I lines at the wavelengths 5875.6, 5015.7, 4921.9, 4713.1 and 4471.5Å could be measured, and we tried to synthesize all of them. Unfortunately this was possible only for the singlet line at 5015.7Å and the triplet line at 5875.61Å. The triplet line at 4471.5Å is heavily blended with a Ce II line due to a large overabundance of s-process elements (see below). A large overabundance of lanthanum causes blending of the singlet He I line at 4921.9Å by one of the La II lines. Another triplet line at 4713.1Å is blended by a Fe II line. Among the two unblended He I lines, the singlet line at 5015.7Å gives consistent He abundances both from the synthetic spectrum (log ε(He) = 11.10) Lobel (2010) .
and the equivalent width fit (log ε(He) = 11.01). The triplet line at 5875.6Å gives a lower abundance from the synthetic spectrum (log ε(He) = 10.71) and a much larger abundance from the equivalent width fit. As can be seen from Figure 2 (right panel) the synthetic spectrum does not fit well the observed spectrum: there is an unidentified extra absorption on the blue wing of the He I line. In Figure 2 both spectral regions are plotted with the radial velocity 17.2 km s −1 . When fitting the equivalent width, this blue absorption has not been removed. Therefore, for HD 187885 we accept the solar helium abundance with an uncertainty of about ±0.1 dex, based mainly on the 5015.7Å line.
The resulting abundances are presented in Table 1 (2000) for calcium is the largest.
The abundances in this work were derived assuming the local thermodynamical equilibrium (LTE). In the literature, considerable deviations from LTE for the CNO elements and Na in F supergiants are described (Luck & Lambert 1985; Venn 1995) . For normal supergiants with the temperatures around 8000 K, Venn(1995) has found the non-LTE corrections to carbon and nitrogen abundances, derived from C I and N I lines, up to −0.4 dex. Takeda & Takada-Hidai (1998) estimated the non-LTE corrections to oxygen abundances, found from O I lines, up to −0.2 dex. Mashonkina et al. (2000) estimated the non-LTE corrections for Na I lines in the same temperature range to be about −0.2 dex. Also, Ti I can be affected up to +0.3 dex, S I up to −0.2 dex and Fe I and Ni I up to +0.4 dex (Przybilla et al. 2004 ). However, the ionic lines of these metals are not expected to be considerably affected (Becker 1998) . These corrections should be beared in mind when using the abundances determined with LTE. Even with these corrections the α-elements in HD 187885 remain overabundant, except of Ca and Ti. The s-process elements are also strongly enhanced. This is an indication that the star has experienced the 3rd dredge-up event.
Radial velocity and the line profiles
In the process of line identification, the heliocentric radial velocity of the absorption lines, v r = 17.2 ± 0.5 km s the stellar velocity, 17-23 km s −1 , while the emission components show velocities close to zero. This indicates that the outflow velocity is more than 17 km s −1 . One of these lines at 5200.406Å belonging to Y II was decomposed into the Gaussian components. The emission component with EW = -2 pm shows the radial velocity close to zero while the absorption component with EW = 8 pm shows 17.2 km s −1 . In the line of Fe/,II at 7711.71Å the emission component with EW = -3 pm shows the velocity 2.7 km s −1 , and the absorption component with EW = 7 pm shows 22.2 km s −1 . The growth of the velocity of absorption components with the line weakening and, consequently, with increasing of the formation depth shows that there is some outward velocity gradient in the atmosphere.
Hydrogen lines
The hydrogen 
Circumstellar lines of Ba II, Ca I and Na I
Strong Ba II resonance lines at 4554.036 and 4934.095Å have extra absorptions at −18.7 and −8.5 km s −1 (Figure 7 ). These absorptions cannot be of interstellar origin since barium abundance in the interstellar medium should be low due to its depletion by condensation to dust grains. Probably, these absorptions in HD 187885 are circumstellar since the barium abundance in the star is high. The resonance line of Ca I at 4226.73Å also shows similar CS components.
The Gaussian decomposition of the Na I D lines is presented in Table 2 Table 2 we conclude that in the envelope of the star multiple shells with the expansion velocities spanning 8 to 36 km s −1 are present. These velocities are larger than the expansion velocity of the outermost envelope which is about 11 km s −1 as it was found from the CO (1-0) emission lines (Likkel et al. 1987) . The same CO spectra indicate the existence of a fast outflow with a velocity more than 30 km s −1 (Bujarrabal et al. 1992 ). These authors have also found an absorption feature at 13 km s −1 on the wide emission. This indicates that the high-velocity gas is located inside of the low-velocity envelope.
Lines of Ca II.
The Ca II lines of the near infrared triplet show composite profiles ( Figure  9 ). The wide absorption lines are superimposed by a somewhat narrower blue absorption and emission components. The Gaussian decomposition of these lines is presented in Table 3 . 
Reddening and diffuse interstellar bands
According to the map of interstellar reddening for the objects out of the Galactic plane (Burstein & Heiles 1982) , the expected color excess of HD 187885 is E B−V ≈ 0.12. The modeling with the Hakkila et al. (1997) program shows that such reddening should be reached already at a distance of 0.15 kpc. also estimate a similar low reddening.
In the spectrum of HD 187885 we were able to measure radial velocities and equivalent widths of 10 diffuse interstellar bands (DIBs). The results are presented in Table 4 . The calibration of the equivalent widths versus E B−V (Luna et al. 2008) allows to estimate the reddening toward the star. Most reddening values derived from DIBs are rather low and do not exceed 0.2 mag. A large dispersion of color excesses found from different DIBs reflects the considerable dispersion in correlations between the EWs and E B−V .
The velocities found for DIBs are quite close to those found for the CS lines described above. The amount of reddening determined from DIBs closely coincides with the expected interstellar reddening. Therefore we could not distinguish with certainty whether the DIBs are located in the interstellar space or they are formed in the expanding CS shell. 
Luminosity
The distance to HD 187885 is unknown. Lickel et al. (1987) supposed that it is probably not greater than 3 kpc. In that case log L/L ⊙ ≈ 3.6. Using the reddening for estimating the distance is complicated due to its low value and that it is caused by only a few or even by a single interstellar cloud located at a small distance (the modeling with the Hakkila et al. (1997) program) .
One of the estimates of the distance to HD 187885 comes from the mid-infrared imaging and modeling of the CS envelope by Clube & Gledhill (2004) . They were not able to resolve the inner radius of the CS envelope. and this gave an upper limit of 0.4 ′′ for it. They concluded that HD 187885 must be at least 4 kpc away in order to have the minimum luminosity consistent with the post-AGB status. The lower limits for the mass and luminosity of central stars of planetary nebulae were estimated by Schönberner (1983) to be about 0.55 M ⊙ and 2500 L ⊙ .
CONCLUSION
We have derived chemical composition for a PPN star HD 187885 using the new spectra of high quality. In general, we confirm the results of van Winckel & Reyniers (2000) , particularly the significant enhancement of the s-process elements. There is a marked overabundance of α-elements, except of Ca and Ti. However, we do not confirm the increased abundance of helium. The helium enrichment has been definitely found in HD 331319 by Klochkova et al. (2002) and in SAO 40039 by Rao et al. (2011) . But in general there is still insufficient information if the helium enrichment is universal in the atmospheres of post-AGB stars.
We have found CS lines of Na I, Ba II, Ca I and Ca II. These lines show the presence of multiple expanding shells with velocities from 8 to 36 km s −1 . These velocities are larger than the expansion velocity of the outer envelope which is about 11 km s −1 , as found from the CO (1-0) emission lines (Likkel et al. 1987 ). 
